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Abstract
We study supersymmetric AdS3 ×M4 solutions of N = 2 gauged su-
pergravity in seven dimensions coupled to three vector multiplets with
SO(4) ∼ SO(3) × SO(3) gauge group and M4 being a four-manifold with
constant curvature. The gauged supergravity admits two supersymmet-
ric AdS7 critical points with SO(4) and SO(3) symmetries corresponding
to N = (1, 0) superconformal field theories (SCFTs) in six dimensions.
For M4 = Σ2 × Σ2 with Σ2 being a Riemann surface, we obtain a large
class of supersymmetric AdS3 × Σ2 × Σ2 solutions preserving four super-
charges and SO(2)×SO(2) symmetry for one of the Σ2 being a hyperbolic
space H2, and the solutions are dual to N = (2, 0) SCFTs in two dimen-
sions. For a smaller symmetry SO(2), only AdS3 × H2 × H2 solutions
exist. Some of these are also solutions of pure N = 2 gauged supergravity
with SU(2) ∼ SO(3) gauge group. We numerically study domain walls
interpolating between the two supersymmetric AdS7 vacua and these ge-
ometries. The solutions describe holographic RG flows across dimensions
from N = (1, 0) SCFTs in six dimensions to N = (2, 0) two-dimensional
SCFTs in the IR. Similar solutions for M4 being a Kahler four-cycle with
negative curvature are also given. In addition, unlike M4 = Σ2 × Σ2 case,
it is possible to twist by SO(3)diag gauge fields resulting in two-dimensional
N = (1, 0) SCFTs. Some of the solutions can be uplifted to eleven dimen-
sions and provide a new class of AdS3 ×M4 × S4 solutions in M-theory.
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1 Introduction
One of the most interesting implications of the AdS/CFT correspondence [1] is
the study of holographic RG flows. These solutions take the form of a domain
wall interpolating between AdS vacua and holographically describe deformations
of a conformal field theory (CFT) in the UV to another CFT in the IR or in some
cases to a non-conformal field theory dual to a singular geometry, see [2, 3, 4]
for example. Of particular interest are RG flows across dimensions in which a
higher dimensional CFT flows to a lower dimensional CFT. This type of RG flows
allows us to investigate the structure and dynamics of less known CFTs in higher,
especially five and six, dimensions using the well-understood lower dimensional
CFTs. In this paper, we will consider this type of RG flows in six-dimensional
CFTs to two dimensions. Furthermore, the study along this direction is much
more fruitful and controllable in the presence of supersymmetry. We are then
mainly interested in RG flows within superconformal field theories (SCFTs).
Supersymmetric solutions of gauged supergravities play an important role
in studying the aforementioned RG flows. In general, RG flows across dimen-
sions from a d-dimensional SCFT to a (d − n)-dimensional SCFT are obtained
by twisted compactification of the former on an n-dimensional manifold Mn.
The twist is needed for the compactification to preserve some amount of super-
symmetry. This is achieved by turning on some gauge fields to cancel the spin
connection on Mn. In the supergravity dual, these RG flows are described by
domain walls interpolating between an AdSd+1 vacuum to an AdSd+1−n × Mn
geometry. Solutions of this type have been studied in various dimensions, see
[5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26] for
an incomplete list.
In this paper, we are interested in supersymmetric AdS3 ×M4 solutions
of N = 2 gauged supergravity in seven dimensions with SO(4) ∼ SO(3)×SO(3)
gauge group. This gauged supergravity is obtained by coupling three vector mul-
tiplets to pure N = 2 gauged supergravity with SU(2) gauge group constructed
in [27, 28]. The matter-coupled gauged supergravity has been constructed in
[29, 30, 31] with an extension to include a topological mass term for the three-
form field, dual to the two-form in the N = 2 supergravity multiplet, given in
[32]. This massive gauged supergravity admits supersymmetric AdS7 vacua which
has been extensively studied in [33, 34, 35]. These vacua are dual to N = (1, 0)
SCFTs in six dimensions, and a number of RG flows of various types have al-
ready been studied [18, 33, 36]. However, holographic RG flows from N = (1, 0)
six-dimensional SCFTs to two-dimensional SCFTs in the framework of matter-
coupled N = 2 gauged supergravity have not appeared so far. To fill this gap,
we will give a large class of AdS3 ×M4 fixed points and the corresponding RG
flows across dimensions within six-dimensional N = (1, 0) SCFTs.
We will consider a four-manifoldM4 with constant curvature of two types,
a product of two Riemann surfaces Σ2 × Σ2 and a Kahler four-cycle M4k . In the
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first case, the twists can be performed by using SO(2)R ⊂ SO(3)R with SO(3)R
being the R-symmetry. We will look for solutions with SO(2)×SO(2), SO(2)diag
and SO(2)R symmetries. In the second case, M
4
k has a U(2) ∼ SU(2) × U(1)
spin connection. Therefore, we can perform the twists by turning on either
SO(2)R ⊂ SO(3)R or the full SO(3)R to cancel the U(1) or the SU(2) parts
of the spin connection, respectively. It should also be noted that a twist by
cancelling the full U(2) spin connection is not possible since the R-symmetry of
N = 2 gauged supergravity is not large enough.
In general, the two SO(3) ∼ SU(2) factors in the SO(4) gauge group can
have different coupling constants. However, for a particular case of equal SU(2)
coupling constants, the resulting gauged supergravity can be embedded in eleven-
dimensional supergravity via a truncation on S4 [37]. The seven-dimensional
solutions can accordingly be uplifted to eleven dimensions giving rise to new
AdS3 ×M4 × S4 solutions of eleven-dimensional supergravity. Therefore, these
solutions provide a number of new two-dimensional SCFTs with known M-theory
dual. We also consider the uplifted solutions in this case.
The paper is organized as follow. In section 2, we give a short review
of the matter coupled N = 2 seven-dimensional gauged supergravity and su-
persymmetric AdS7 vacua. In sections 3 and 4, we look for supersymmetric
AdS3×Σ2×Σ2 and AdS3×M4k solutions and numerically study interpolating so-
lutions between these geometries and the AdS7 fixed points. We finally give some
conclusions and comments in section 5. Relevant formulae for the truncation of
eleven-dimensional supergravity on S4 giving rise to N = 2 gauged supergravity
with SO(4) gauge group are reviewed in the appendix.
2 Seven-dimensional N = 2, SO(4) gauged su-
pergravity and supersymmetric AdS7 vacua
We firstly review N = 2 gauged supergravity in seven dimensions coupled to
three vector multiplets with SO(4) gauge group. Only relevant formulae involv-
ing bosonic Lagrangian and supersymmetry transformations of fermions will be
presented. The detailed construction of general N = 2 seven-dimensional gauged
supergravity can be found in [32], see also [38] for gaugings in the embedding
tensor formalism.
2.1 Seven-dimensional N = 2, SO(4) gauged supergravity
The seven-dimensional N = 2, SO(4) gauged supergravity is obtained by cou-
pling the minimal N = 2 supergravity to three vector multiplets. The supergrav-
ity multiplet consists of the graviton eµˆµ, two gravitini ψ
a
µ, three vectors A
i
µ, two
spin-1
2
fields χa, a two-form field Bµν and the dilaton σ. Each vector multiplet
contains a vector field Aµ, two gaugini λ
a, and three scalars φi. We will use the
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convention that curved and flat space-time indices are denoted by µ, ν and µˆ,
νˆ respectively. Indices i, j = 1, 2, 3 and a, b = 1, 2 label triplet and doublet of
SO(3)R ∼ SU(2)R R-symmetry with the latter being suppressed throughout this
work. The three vector multiplets will be labeled by indices r, s = 1, 2, 3 which
in turn describe the triplet of the matter symmetry SO(3) under which the three
vector multiplets transform.
From both supergravity and vector multiplets, there are in total six vector
fields denoted collectively by AI = (Ai, Ar). Indices I, J, . . . = 1, 2, . . . , 6 describe
fundamental representation of the global symmetry SO(3, 3) and are lowered and
raised by the SO(3, 3) invariant tensor ηIJ = diag(−1,−1,−1, 1, 1, 1) and its in-
verse ηIJ . The two-form field will be dualized to a three-form Cµνρ, which admits
a topological mass term required by the existence of AdS7 vacua.
The nine scalar fields φir parametrize SO(3, 3)/SO(3)×SO(3) coset man-
ifold. They can be described by the coset representative
LI
A = (LI
i, LI
r) (1)
with an index A = (i, r) corresponding to representations of the compact SO(3)×
SO(3) local symmetry. The inverse of LI
A will be denoted by
LA
I = (Li
I , Lr
I) (2)
with the relation
Lj
ILI
i = δij , Ls
ILI
r = δrs . (3)
Being an element of SO(3, 3), the coset representative also satisfies the relation
ηIJ = −LI iLJ i + LI rLJr . (4)
The bosonic Lagrangian of the N = 2, SO(4) gauged supergravity in
form language can be written as
L = 1
2
R ∗ 1− 1
2
eσaIJ ∗ F I(2) ∧ F J(2) −
1
2
e−2σ ∗H(4) ∧H(4) − 5
8
∗ dσ ∧ dσ
−1
2
∗ P ir ∧ P ir + 1√
2
H(4) ∧ ω(3) − 4hH(4) ∧ C(3) −V ∗ 1 . (5)
The constant h describes the topological mass term for the three-form C(3) with
the field strength H(4) = dC(3). The gauge field strength is defined by
F I(2) = dA
I
(1) +
1
2
fJK
IAJ(1) ∧ AK(1) . (6)
The definition of the SO(4) structure constants fIJ
K includes the gauge coupling
constants
fIJK = (g1ǫijk,−g2εrst) (7)
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where g1 and g2 are coupling constants of SO(3)R and SO(3), respectively.
The scalar matrix aIJ appearing in the kinetic term of vector fields is
given in term of the coset representative as follow
aIJ = LI
iLJ
i + LI
rLJ
r . (8)
The Chern-Simons three-form satisfying dω(3) = F
I
(2) ∧ F I(2) is defined by
ω(3) = F
I
(2) ∧AI(1) −
1
6
fIJ
KAI(1) ∧ AJ(1) ∧ A(1)K . (9)
The scalar potential is given by
V =
1
4
e−σ
(
C irCir − 1
9
C2
)
+ 16h2e4σ − 4
√
2
3
he
3σ
2 C, (10)
where C-functions, or fermion-shift matrices, are defined as
C = − 1√
2
fIJ
KLi
ILj
JLKkε
ijk, (11)
C ir =
1√
2
fIJ
KLj
ILk
JLK
rεijk, (12)
Crsi = fIJ
KLr
ILs
JLKi. (13)
It should also be noted that indices i, j and r, s are raised and lowered by δij and
δrs, respectively. Finally, the scalar kinetic term is defined in term of the vielbein
on the SO(3, 3)/SO(3)× SO(3) coset as
P irµ = L
rI
(
δKI ∂µ + fIJ
KAJµ
)
LK
i. (14)
To find supersymmetric solutions, we need supersymmetry transforma-
tions of fermionic fields ψµ, χ and λ
r. With all fermionic fields vanishing, these
transformations read
δψµ = 2Dµǫ−
√
2
30
e−
σ
2Cγµǫ− 4
5
he2σγµǫ− i
20
e
σ
2F iρσσ
i(3γµγ
ρσ − 5γρσγµ)ǫ
− 1
240
√
2
e−σHρσλτ (γµγ
ρσλτ + 5γρσλτγµ)ǫ, (15)
δχ = −1
2
γµ∂µσǫ+
√
2
30
e−
σ
2Cǫ− 16
5
e2σhǫ− i
10
e
σ
2F iµνσ
iγµνǫ
− 1
60
√
2
e−σHµνρσγ
µνρσǫ, (16)
δλr = iγµP irµ σ
iǫ− 1
2
e
σ
2F rµνγ
µνǫ− i√
2
e−
σ
2C irσiǫ (17)
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where σi are the usual Pauli matrices.
The dressed field strengths F i and F r are defined by the relations
F i(2) = LI
iF I(2) and F
r
(2) = LI
rF I(2) . (18)
The covariant derivative of the supersymmetry parameter ǫ is given by
Dµǫ = ∂µǫ+
1
4
ωµ
νˆρˆγνˆρˆǫ+
1
2
√
2
Qiµσ
iǫ (19)
where Qiµ is defined in term of the composite connection Q
ij
µ as
Qiµ =
i√
2
εijkQjkµ (20)
with
Qijµ = L
jI
(
δKI ∂µ + fIJ
KAJµ
)
LK
i . (21)
For convenience, we also give the full bosonic field equations derived from
the Lagrangian given in (5)
d(e−2σ ∗H(4)) + 8hH(4) − 1√
2
F I(2) ∧ F I(2) = 0, (22)
D(eσaIJ ∗ F I(2))−
√
2H(4) ∧ F J(2) + ∗P irfIJKLrILKi = 0, (23)
D(∗P ir)− 2eσLI iLJ r ∗ F I(2) ∧ F J(2)
−
(
1√
2
e−σCjsCrskε
ijk + 4
√
2he
3σ
2 C ir
)
ε(7) = 0, (24)
5
4
d(∗dσ)− 1
2
eσaIJ ∗ F I(2) ∧ F J(2) + e−2σ ∗H(4) ∧H(4)
+
[
1
4
e−σ
(
C irCir − 1
9
C2
)
+ 2
√
2he
3σ
2 C − 64h2e4σ
]
ε(7) = 0, (25)
Rµν − 5
4
∂µσ∂νσ − aIJeσ
(
F IµρF
J
ν
ρ − 1
10
gµνF
I
ρσF
J ρσ
)
−P irµ P irν −
2
5
gµνV − 1
6
e−2σ
(
HµρσλHν
ρσλ − 3
20
gµνHρσλτH
ρσλτ
)
= 0 . (26)
2.2 Supersymmetric AdS7 critical points
We now give a brief review of supersymmetric AdS7 vacua found in [33]. There
are two supersymmetric N = 2 AdS7 critical points with SO(4) ∼ SO(3)×SO(3)
and SO(3)diag ⊂ SO(3)×SO(3) symmetries. To compute the scalar potential, we
need an explicit parametrization of SO(3, 3) /SO(3)× SO(3) coset. By defining
the following GL(6,R) matrices
(eIJ)KL = δIKδJL, (27)
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we can write non-compact generators of SO(3, 3) as
Yir = ei,r+3 + er+3,i . (28)
Among the nine scalars from SO(3, 3)/SO(3)×SO(3), there is one SO(3)diag
singlet corresponding to the non-compact generator
Ys = Y11 + Y22 + Y33 . (29)
The coset representative is then given by
L = eφYs . (30)
The scalar potential for the dilaton σ and the SO(3)diag singlet scalar φ is readily
computed to be
V =
1
32
e−σ
[
(g21 + g
2
2) (cosh(6φ)− 9 cosh(2φ)) + 8g1g2 sinh3(2φ)
+8
[
g22 − g21 + 64h2e5σ − 32e
5σ
2 h(g1 cosh
3 φ+ g2 sinh
3 φ)
]]
. (31)
This potential admits two supersymmetric AdS7 critical points
I : σ = φ = 0, V0 = −240h2, (32)
II : σ =
1
5
ln
[
g22
g22 − 256h2
]
, φ =
1
2
ln
[
g2 − 16h
g2 + 16h
]
,
V0 = − 240g
8
5
2 h
2
(g2 − 256h2) 45
. (33)
Critical points I and II have SO(4) and SO(3)diag symmetries, respectively. We
have also chosen g1 = 16h to bring the SO(4) critical point to the value σ =
0. The cosmological constant is denoted by V0. According to the AdS/CFT
correspondence, these critical points correspond to N = (1, 0) SCFTs in six
dimensions with SO(4) and SO(3) symmetries, respectively. A holographic RG
flow interpolating between these two critical points has already been studied in
[33], see also [39] for more general solutions. In subsequent sections, we will find
supersymmetric AdS3 ×M4 solutions to this N = 2 SO(4) gauged supergravity
and RG flow solutions from the above AdS7 vacua to these geometries in the IR.
3 Supersymmetric AdS3 × Σ2 × Σ2 solutions and
RG flows
In this section, we look for supersymmetric solutions of the form AdS3×Σ2k1×Σ2k2
with Σ2ki for i = 1, 2 being two-dimensional Riemann surfaces. Constants ki
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describe the curvature of Σ2ki with values ki = 1, 0,−1 corresponding to a two-
dimensional sphere S2, a flat space R2 or a hyperbolic space H2, respectively.
We will choose the ansatz for the seven-dimensional metric of the form
ds27 = e
2U(r)dx21,1 + dr
2 + e2V (r)ds2Σ2
k1
+ e2W (r)ds2Σ2
k2
, (34)
in which dx21,1 = ηαβdx
αdxβ, α, β = 0, 1 is the flat metric on the two-dimensional
spacetime. The explicit form of the metric on Σ2ki can be written as
ds2Σ2
ki
= dθ2i + fki(θi)
2dϕ2i . (35)
The functions fki(θi) are defined as
fki(θi) =


sin θi, ki = 1
θi, ki = 0
sinh θi, ki = −1
. (36)
By using an obvious choice of vielbein
eαˆ = eUdxα, erˆ = dr, eθˆ1 = eV dθ1,
eϕˆ1 = eV fk1(θ1)dϕ1, e
θˆ2 = eWdθ2, e
ϕˆ2 = eW fk2(θ2)dϕ2, (37)
we can compute the following non-vanishing components of the spin connection
ωαˆrˆ = U
′eαˆ, ωθˆ1 rˆ = V
′eθˆ1 , ωϕˆ1 rˆ = V
′eϕˆ1 , ωθˆ2 rˆ =W
′eθˆ2 ,
ωϕˆ2 rˆ = W
′eϕˆ2 , ωϕˆ1 θˆ1 = e
−V
f ′k1(θ1)
fk1(θ1)
eϕˆ1 , ωϕˆ2 θˆ2 = e
−W
f ′k2(θ2)
fk2(θ2)
eϕˆ2 . (38)
Throughout the paper, we will use primes to denote derivatives of a function with
respect to its argument for example U ′ = dU/dr and f ′ki(θi) = dfki(θi)/dθi.
To find supersymmetric AdS3 × Σ2k1 × Σ2k2 solutions which admit non-
vanishing Killing spinors, we perform a twist by turning on gauge fields along
Σ2k1 × Σ2k2 . In the following discussions, we will consider various possible twists
with different unbroken symmetries.
3.1 AdS3 vacua with SO(2)× SO(2) symmetry
We first consider solutions with SO(2)×SO(2) symmetry. To perform the twist,
we turn on the following SO(2)× SO(2) gauge fields on Σ2k1 × Σ2k2
A3(1) = −
p11
k1
e−V
f ′k1(θ1)
fk1(θ1)
eϕˆ1 − p12
k2
e−W
f ′k2(θ2)
fk2(θ2)
eϕˆ2 , (39)
A6(1) = −
p21
k1
e−V
f ′k1(θ1)
fk1(θ1)
eϕˆ1 − p22
k2
e−W
f ′k2(θ2)
fk2(θ2)
eϕˆ2 , (40)
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where pij are constants magnetic charges.
There is one SO(2)×SO(2) singlet scalar from SO(3, 3)/SO(3)×SO(3)
coset corresponding to the non-compact generator Y33. We then parametrize the
coset representative by
L = eφY33 (41)
with φ depending only on the radial coordinate r. By computing the composite
connection Qijµ along Σ
2
k1
× Σ2k2 , we can cancel the spin connections by imposing
the following twist conditions
g1p11 = k1 and g1p12 = k2 (42)
together with the projection conditions
γθˆ1ϕˆ1ǫ = γθˆ2ϕˆ2ǫ = iσ
3ǫ . (43)
Note that only the gauge field A3(1) enters the twist procedure since A
3
(1) is the
gauge field of SO(2)R ⊂ SO(3)R under which the gravitini and supersymmetry
parameters are charged.
From the gauge fields given in (39) and (40), we can straightforwardly
compute the corresponding two-form field strengths
F 3(2) = e
−2V p11e
θˆ1 ∧ eϕˆ1 + e−2Wp12eθˆ2 ∧ eϕˆ2 , (44)
F 6(2) = e
−2V p21e
θˆ1 ∧ eϕˆ1 + e−2Wp22eθˆ2 ∧ eϕˆ2 . (45)
It should also be noted that these field strengths give non-vanishing F I(2) ∧ F I(2)
term. This term is present in the field equation of the three-form fied C(3) as can
be seen from equation (22). Therefore, we need to turn on the three-form field
with the corresponding four-form field strength given by
H(4) =
1
8
√
2h
e−2(V +W )(p21p22 − p11p12)eθˆ1 ∧ eϕˆ1 ∧ eθˆ2 ∧ eϕˆ2 . (46)
This is very similar to the solutions of maximal SO(5) gauged supergravity con-
sidered in [8].
By imposing an additional projector
γrǫ = ǫ (47)
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required by δχ = 0 and δλr = 0 conditions, we find the following BPS equations
U ′ =
1
5
e
σ
2
[(
g1e
−σ coshφ+ 4he
3σ
2
)
+
3
8h
e−
3σ
2
−2(V+W )(p11p12 − p21p22)
− e−2V (p11 coshφ+ p21 sinh φ)− e−2W (p12 coshφ+ p22 sinh φ)
]
, (48)
V ′ =
1
5
e
σ
2
[(
g1e
−σ coshφ+ 4he
3σ
2
)
− 1
4h
e−
3σ
2
−2(V +W )(p11p12 − p21p22)
+ 4e−2V (p11 coshφ+ p21 sinhφ)− e−2W (p12 coshφ+ p22 sinh φ)
]
, (49)
W ′ =
1
5
e
σ
2
[(
g1e
−σ coshφ+ 4he
3σ
2
)
− 1
4h
e−
3σ
2
−2(V +W )(p11p12 − p21p22)
− e−2V (p11 coshφ+ p21 sinh φ) + 4e−2W (p12 coshφ+ p22 sinh φ)
]
, (50)
σ′ =
2
5
e
σ
2
[(
g1e
−σ coshφ− 16he 3σ2
)
− 1
4h
e−
3σ
2
−2(V+W )(p11p12 − p21p22)
− e−2V (p11 coshφ+ p21 sinh φ)− e−2W (p12 coshφ+ p22 sinh φ)
]
, (51)
φ′ = −eσ2 [e−2V (p11 sinhφ+ p21 cosh φ) + e−2W (p12 sinhφ+ p22 coshφ)]
−g1e−σ2 sinhφ . (52)
It can be verified that these BPS equations satisfy all the field equations. At large
r, we have U ∼ V ∼ W ∼ r and φ ∼ σ ∼ e− 4rL with the AdS7 radius given by
L = 1
4h
, and the terms involving gauge fields and the three-form field are highly
suppressed. We find the SO(4) AdS7 fixed point from these BPS equations in
this limit. The solutions are then asymptotically locally AdS7 as r →∞.
We now look for supersymmetric AdS3 solutions satisfying V
′ = W ′ =
σ′ = φ′ = 0 and U ′ = 1
LAdS3
in the limit r → −∞. We find a class of AdS3 fixed
point solutions
e
5
2
σ =
g1Ze
φ
4h(p21(p12 − 3p22) + p11(p12 + p22)) , (53)
eφ =
√
p21(p12 − 3p22) + p11(p12 + p22)
p11(p12 − p22)− p21(p12 + 3p22)
, (54)
e2V =
p21 − p11 − (p11 + p21)e2φ
8heφ+
3
2
σ
, (55)
e2W =
p22 − p12 − (p12 + p22)e2φ
8heφ+
3
2
σ
, (56)
LAdS3 =
8heσ+2V+2W
p11p12 − p21p22 + 32h2e2V +2W+3σ (57)
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where
Z =
(p12(p
2
11 + p
2
21)− 2p11p21p22)(−2p12p21p22 + p11(p212 + p222))
(p211(3p
2
12 + p
2
22) + p
2
21(p
2
12 + 3p
2
22)− 8p11p12p21p22)
. (58)
Note that the coupling constant g2 does not appear in the above equations, so
the solutions can be uplifted to eleven dimensions by setting g2 = g1.
To obtain real solutions, we require that e2V > 0, e2W > 0, eσ > 0, and
eφ > 0. It turns out that AdS3 solutions are possible only for one of the two ki
is equal to −1 with the seven-dimensional spacetime given by AdS3 ×H2 ×H2,
AdS3×H2×R2 and AdS3×H2×S2. Since the charges p11 and p12 are fixed by the
twist conditions (42), there are only two parameters p21 and p22 characterizing
the solutions. For g1 = 16h and h = 1, regions in the parameter space (p21,
p22) for good AdS3 vacua to exist are shown in figure 1. Note that these regions
are precisely the same as supersymmetric AdS3 × Σ2 × Σ2 solutions of maximal
seven-dimensional SO(5) gauged supergravity in [8].
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Figure 1: Regions (blue) in the parameter space (p21, p22) where good AdS3
vacua exist. From left to right, these are the cases of (k1 = k2 = −1), (k1 = −1,
k2 = 0) and (k1 = −k2 = −1), respectively. The orange regions correspond to
interchanging k1 and k2.
These AdS3 fixed points preserve four supercharges due to the two pro-
jectors in (43) and correspond to N = (2, 0) SCFTs in two dimensions with
SO(2)×SO(2) symmetry. On the other hand, the entire RG flow solutions inter-
polating between the AdS7 fixed point and these AdS3 geometries preserve only
two supercharges due to an extra projector in (47). Examples of these RG flows
from the AdS7 fixed point to AdS3×H2×H2, AdS3×H2×R2 and AdS3×H2×S2
with h = 1 and different values of p21 and p22 are shown in figures 2, 3 and 4,
respectively.
These solutions can be uplifted to eleven dimensions using the truncation
ansatz given in [37]. By using the formulae reviewed in the appendix together
with the S3 coordinates
µα = (cosψ cosα, cosψ sinα, sinψ cos β, sinψ sin β) (59)
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Figure 2: RG flows from SO(4) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (2, 0) SCFTs with SO(2) × SO(2) symmetry dual to AdS3 ×
H2×H2 solutions for (p21, p22) = ( 112 ,−12), ( 112 ,−17), (13 ,−17), (−14 , 13) (blue, yellow,
green, red).
and the SL(4,R)/SO(4) matrix
T˜−1αβ = diag(e
φ, eφ, e−φ, e−φ), (60)
we find the eleven-dimensional metric
dsˆ211 = ∆
1
3
[
e2Udx21,1 + dr
2 + e2V ds2Σ2
k1
+ e2Wds2Σ2
k2
]
+
2
g2
∆−
2
3
[
e−2σ cos2 ξ + e
σ
2 sin2 ξ(eφ cos2 ψ + e−φ sin2 ψ)
]
dξ2
+
1
2g2
∆−
2
3 e
σ
2 cos2 ξ
[
(eφ sin2 ψ + e−φ cos2 ψ)dψ2
+eφ cos2 ψ(dα− gA12)2 + e−φ sin2 ψ(dβ − gA34)2] (61)
with A12 = A3(1) + A
6
(1), A
34 = A3(1) −A6(1) and
∆ = e2σ sin2 ξ + e−
σ
2 cos2 ξ
(
e−φ cos2 ψ + eφ sin2 ψ
)
. (62)
From the metric, we see that the SO(2) × SO(2) symmetry corresponds to the
isometry along the α and β directions.
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Figure 3: RG flows from SO(4) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (2, 0) SCFTs with SO(2) × SO(2) symmetry dual to AdS3 ×
H2×R2 solutions for (p21, p22) = ( 116 ,−14), (18 ,− 110), (14 ,− 110), (−12 , 13) (blue, yellow,
green, red).
3.2 AdS3 vacua with SO(2)diag symmetry
We now consider AdS3 solutions with SO(2)diag ⊂ SO(2) × SO(2) ⊂ SO(3) ×
SO(3) symmetry. In this case, there are three SO(2)diag singlets from the nine
scalars in SO(3, 3)/SO(3)×SO(3) coset. These correspond to non-compact gen-
erators
Yˆ1 = Y11 + Y22, Yˆ2 = Y33, Yˆ3 = Y12 − Y21 . (63)
The coset representative takes the form of
L = eφ1Yˆ1eφ2Yˆ2eφ3Yˆ3 . (64)
The ansatz for SO(2)diag gauge fields is obtained from that of SO(2) × SO(2)
given in (39) and (40) by setting g2A
6 = g1A
3 or, equivalently,
g2p21 = g1p11 and g2p22 = g1p12 . (65)
We will also simplify the notation by redefining the charges p1 = p11 and p2 = p12.
In this case, the four-form field strength is given by
H(4) =
p1p2
8
√
2hg22
e−2(V+W )(g21 − g22)eθˆ1 ∧ eϕˆ1 ∧ eθˆ2 ∧ eϕˆ2 , (66)
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Figure 4: RG flows from SO(4) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (2, 0) SCFTs with SO(2) × SO(2) symmetry dual to AdS3 ×
H2 × S2 solutions for (p21, p22) = ( 114 ,−2), (19 ,−5), (16 ,−2), (−13 , 9) (blue, yellow,
green, red).
and the twist conditions read
g1p1 = k1 and g1p2 = k2 . (67)
Using the projection conditions (43) and (47), we obtain the correspond-
ing BPS equations. It turns out that compatibility between these BPS equations
and field equations requires either φ1 = 0 or φ3 = 0. Furthermore, setting φ3 = 0
gives the same BPS equations as setting φ1 = 0 with φ3 and φ1 interchanged. We
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will then consider only the φ3 = 0 case with the following BPS equations
U ′ =
1
10
e
σ
2
[
cosh 2φ1(g1e
−σ cosh φ2 + g2e
−σ sinhφ2) + 8he
3σ
2
−2p1e−2V
(
coshφ2 +
g1
g2
sinh φ2
)
− 2p2e−2W
(
cosh φ2 +
g1
g2
sinhφ2
)
+g1e
−σ cosh φ2 − g2e−σ sinhφ2 − 3
4hg22
e−
3σ
2
−2(V+W )(g21 − g22)p1p2
]
, (68)
V ′ =
1
10
e
σ
2
[
cosh 2φ1(g1e
−σ cosh φ2 + g2e
−σ sinhφ2) + 8he
3σ
2
+8p1e
−2V
(
cosh φ2 +
g1
g2
sinhφ2
)
− 2p2e−2W
(
cosh φ2 +
g1
g2
sinhφ2
)
+g1e
−σ cosh φ2 − g2e−σ sinhφ2 + 1
2hg22
e−
3σ
2
−2(V+W )(g21 − g22)p1p2
]
, (69)
W ′ =
1
10
e
σ
2
[
cosh 2φ1(g1e
−σ cosh φ2 + g2e
−σ sinhφ2) + 8he
3σ
2
−2p1e−2V
(
coshφ2 +
g1
g2
sinh φ2
)
+ 8p2e
−2W
(
cosh φ2 +
g1
g2
sinhφ2
)
+g1e
−σ cosh φ2 − g2e−σ sinhφ2 + 1
2hg22
e−
3σ
2
−2(V+W )(g21 − g22)p1p2
]
, (70)
σ′ =
1
5
e
σ
2
[
cosh 2φ1(g1e
−σ coshφ2 + g2e
−σ sinh φ2)− 32he 3σ2
−2p1e−2V
(
coshφ2 +
g1
g2
sinh φ2
)
− 2p2e−2W
(
cosh φ2 +
g1
g2
sinhφ2
)
+g1e
−σ cosh φ2 − g2e−σ sinhφ2 + 1
2hg22
e−
3σ
2
−2(V+W )(g21 − g22)p1p2
]
, (71)
φ′1 = −
1
2
e−
σ
2 sinh 2φ1(g1 coshφ2 + g2 sinh φ2), (72)
φ′2 =
1
2
e
σ
2
[
e−σ [g2 coshφ2 − g1 sinh φ2 − cosh 2φ1(g2 coshφ2 + g1 sinh φ2)]
−2p1e−2V
(
sinhφ2 +
g1
g2
cosh φ2
)
− 2p2e−2W
(
sinh φ2 +
g1
g2
coshφ2
)]
.
(73)
In this case, solutions to the BPS equations are asymptotic to the two supersym-
metric AdS7 vacua with SO(4) and SO(3)diag symmetries at large r. Furthermore,
unlike the previous case, all charge parameters are fixed by the twist conditions,
and there exist only AdS3 ×H2 ×H2 solutions.
We now look for AdS3 fixed points. The solutions also preserve four su-
percharges and correspond to N = (2, 0) SCFTs in two dimensions as in the
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previous case. We begin with a class of AdS3 fixed points for φ1 = 0
σ =
2
5
φ2 +
2
5
ln
[
g1g
2
2
12h(g22 + 2g1g2 − 3g21)
]
, (74)
φ2 =
1
2
ln
[
3g21 − 2g1g2 − g22
3g21 + 2g1g2 − g22
]
, (75)
V = W =
1
10
ln
[
27(g1 − g2)4(g1 + g2)4
16h2g81g
6
2(g
2
2 − 9g21)
]
, (76)
LAdS3 =
[
8(9g41g2 − 10g21g32 + g52)2
3hg41(g
2
2 − 3g21)5
] 1
5
(77)
with g2 > 3g1 or g2 < −3g1 for AdS3 vacua to exist. An example of RG flows from
the SO(4) AdS7 critical point to this AdS3 × H2 × H2 fixed point for g2 = 4g1
and h = 1 is shown in figure 5 with φ1 set to zero along the flow.
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Figure 5: An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (2, 0) SCFT with SO(2)diag symmetry dual to AdS3×H2×H2
solution.
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Another class of AdS3 ×H2 ×H2 solutions with φ1 6= 0 is given by
σ =
2
5
ln
[
g1g2
12h
√
(g2 + g1)(g2 − g1)
]
,
φ1 = φ2 =
1
2
ln
[
g2 − g1
g2 + g1
]
,
V = W =
1
10
ln
[
27(g21 − g22)4
16h2g81g
8
2
]
, LAdS3 =
[
8(g21 − g22)2
3hg41g
4
2
] 1
5
(78)
with the condition g2 > g1. Examples of RG flow solutions from the SO(4) and
SO(3) AdS7 vacua to these AdS3 ×H2 ×H2 fixed points are respectively shown
in figures 6 and 7 for g2 = 4g1 and h = 1. Note that φ1 and φ2 have the same
value at both the SO(3) AdS7 and AdS3 fixed points.
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Figure 6: An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (2, 0) SCFT with SO(2)diag symmetry dual to AdS3×H2×H2
solution.
Moreover, with a suitable set of boundary conditions, there exists an RG
flow from SO(4) AdS7 to SO(3) AdS7 fixed points and then to AdS3 ×H2 ×H2
critical point as shown in figure 8. All AdS3 vacua and RG flows in this case
cannot be uplifted to eleven dimensions since the existence of these solutions
require g1 6= g2. Therefore, the corresponding holographic interpretation is rather
limited.
3.3 AdS3 vacua with SO(2)R symmetry
We now move on to AdS3 solutions with SO(2)R ⊂ SO(3)R symmetry. There
are three SO(2)R singlet scalars from SO(3, 3)/SO(3) × SO(3) coset. These
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Figure 7: An RG flow from SO(3) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (2, 0) SCFT with SO(2)diag symmetry dual to AdS3×H2×H2
solution.
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Figure 8: An RG flow from SO(4) N = (1, 0) SCFT to SO(3) N = (1, 0) SCFT
in six dimensions and then to two-dimensional N = (2, 0) SCFT with SO(2)diag
symmetry dual to AdS3 ×H2 ×H2 solution.
correspond to non-compact generators Y31, Y32 and Y33. Therefore, the coset
representative can be written as
L = eφ1Y31eφ2Y32eφ3Y33 . (79)
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To perform the twist, we take the following ansatz for the SO(2)R gauge
field
A3(1) = −
p1
k1
e−V
f ′k1(θ1)
fk1(θ1)
eϕˆ1 − p2
k2
e−W
f ′k2(θ2)
fk2(θ2)
eϕˆ2 . (80)
The four-form field strength in this case is given by
H(4) = − 1
8
√
2h
e−2(V+W )p1p2e
θˆ1 ∧ eϕˆ1 ∧ eθˆ2 ∧ eϕˆ2 . (81)
We can now repeat the same procedure as in the previous two cases to find
the corresponding BPS equations. In this case, it turns out that compatibility
between the BPS equations and second-order field equations allows only one of
the φi, i = 1, 2, 3, to be non-vanishing. We have verified that any of the φi leads
to the same set of BPS equations. We will choose φ1 = φ2 = 0 and φ3 6= 0 for
definiteness. With this choice, the BPS equations are given by
U ′ =
1
5
e
σ
2
[
g1e
−σ + 4he
3σ
2 − e−2V p1 − e−2Wp2 + 3
8h
e−2(V +W )p1p2
]
, (82)
V ′ =
1
5
e
σ
2
[
g1e
−σ + 4he
3σ
2 + 4e−2V p1 − e−2Wp2 − 1
4h
e−2(V+W )p1p2
]
, (83)
W ′ =
1
5
e
σ
2
[
g1e
−σ + 4he
3σ
2 − e−2V p1 + 4e−2Wp2 − 1
4h
e−2(V+W )p1p2
]
, (84)
σ′ =
2
5
e
σ
2
[
g1e
−σ − 16he 3σ2 − e−2V p1 − e−2Wp2 − 1
4h
e−2(V +W )p1p2
]
, (85)
φ′3 = −e−
σ
2
[
g1 + e
σ(e−2V p1 + e
−2Wp2)
]
sinh φ3 . (86)
For these equations, there exist AdS3 fixed points only for k1 = k2 = −1. The
resulting AdS3 ×H2 ×H2 solution is given by
φ3 = 0, σ =
2
5
ln
[ g1
12h
]
,
V = W =
1
10
ln
[
27
16h2g81
]
, LAdS3 =
[
8
3hg41
] 1
5
. (87)
This solution again preserves four supercharges and corresponds to N = (2, 0)
SCFT in two dimensions. An example of RG flow solutions from N = (1, 0)
six-dimensional SCFT to this fixed point for h = 1 and φ3 = 0 is shown in figure
9. Note that the AdS3 fixed point and the RG flow are also solutions of pure
N = 2 gauged supergravity with SU(2) gauge group.
As in the case of AdS3 solutions with SO(2)×SO(2) symmetry, the above
solutions can be uplifted to eleven dimensions by setting g2 = g1. The eleven-
dimensional metric can be obtained from (61) by setting φ = 0 and A6(1) = 0, or
19
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Figure 9: An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (2, 0) SCFT with SO(2)R symmetry dual to AdS3 ×H2 ×H2
solution.
equivalently A12 = A34 ≡ A3. The result is given by
dsˆ211 = ∆
1
3
[
e2Udx21,1 + dr
2 + e2V ds2Σ2
k1
+ e2Wds2Σ2
k2
]
+
2
g2
∆−
2
3
(
e−2σ cos2 ξ + e
σ
2 sin2 ξ
)
dξ2 +
1
2g2
∆−
2
3 e
σ
2 cos2 ξ
[
dψ2
+cos2 ψ(dα− gA3)2 + sin2 ψ(dβ − gA3)2] (88)
with
∆ = e2σ sin2 ξ + e−
σ
2 cos2 ξ . (89)
It should also be pointed out that the seven-dimensional solution in this case has
recently been discussed in the context of massive type IIA theory in [40].
4 Supersymmetric AdS3 ×M 4k solutions and RG
flows
In this section, we repeat the same analysis for M4 being a Kahler four-cycle
and look for solutions of the form AdS3 ×M4k . For the constant k = 1, 0,−1,
the Kahler four-cycle is given by a two-dimensional complex space CP 2, a four-
dimensional flat space R4, or a two-dimensional complex hyperbolic space CH2,
respectively. The Kahler four-cycle has U(2) ∼ SU(2) × U(1) spin connection.
We can perform a twist by using either SO(2)R ∼ U(1)R or SO(3)R ∼ SU(2)R
gauge fields to cancel the U(1) or SU(2) parts of the spin connection.
4.1 AdS3 vacua with SO(2)× SO(2) symmetry
We begin with AdS3 vacua with SO(2)×SO(2) symmetry and take the following
ansatz for the seven-dimensional metric
ds27 = e
2U(r)dx21,1 + dr
2 + e2V (r)ds2M4
k
. (90)
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The metric on the Kahler four-cycle M4k is given by
ds2M4
k
=
dϕ2
f 2k (ϕ)
+
ϕ2
fk(ϕ)
(τ 21 + τ
2
2 ) +
ϕ2
f 2k (ϕ)
τ 23 (91)
with ϕ ∈ [0, pi
2
] and the function fk(ϕ) defined by
fk(ϕ) = 1 + kϕ
2 . (92)
τi, i = 1, 2, 3, are SU(2) left-invariant one-forms satisfying dτi =
1
2
εijkτj ∧ τk.
Their explicit form is given by
τ1 = − sinχdθ + cosχ sin θdψ,
τ2 = cosχdθ + sinχ sin θdψ,
τ3 = dχ+ cos θdψ . (93)
The ranges of the coordinates are θ ∈ [0, π], ψ ∈ [0, 2π], and χ ∈ [0, 4π].
By choosing the following choice of vielbein
eαˆ = eUdxα, e1ˆ = eV
ϕ√
fk(ϕ)
τ1, e
2ˆ = eV
ϕ√
fk(ϕ)
τ2,
erˆ = dr, e3ˆ = eV
ϕ
fk(ϕ)
τ3, e
4ˆ = eV
1
fk(ϕ)
dϕ, (94)
we find non-vanishing components of the spin connection
ωαˆrˆ = U
′eαˆ, ω iˆrˆ = V
′eiˆ, i = 1, 2, 3, ω4ˆrˆ = V
′e4ˆ,
ω1ˆ4ˆ = ω
2ˆ
3ˆ =
1√
fk(ϕ)
τ1, ω
1ˆ
2ˆ =
(2kϕ2 + 1)
fk(ϕ)
τ3,
ω2ˆ4ˆ = ω
3ˆ
1ˆ =
1√
fk(ϕ)
τ2, ω
4ˆ
3ˆ =
(kϕ2 − 1)
fk(ϕ)
τ3 . (95)
We can now perform the twist by turning on SO(2)×SO(2) gauge fields
with the following ansatz
A3(1) = p1
3ϕ2√
fk(ϕ)
τ3 and A
6
(1) = p2
3ϕ2√
fk(ϕ)
τ3 . (96)
The associated two-form field strengths are given by
F 3(2) = 3e
−2V p1J(2) and F
6
(2) = 3e
−2V p2J(2) (97)
where J(2) is the Kahler structure defined by
J(2) = e
1ˆ ∧ e2ˆ − e3ˆ ∧ e4ˆ . (98)
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To implement the twist, we impose the following projectors on the Killing spinors
γ1ˆ2ˆǫ = −γ3ˆ4ˆǫ = iσ3ǫ (99)
together with the twist condition
g1p1 = k . (100)
As in the previous cases, we need to turn on the three-form field with the field
strength
H(4) =
9
8
√
2h
e−4V (p21 − p22)e1ˆ ∧ e2ˆ ∧ e3ˆ ∧ e4ˆ. (101)
With all these and the γr projector (47), we can derive the following BPS
equations
U ′ =
1
5
e
σ
2
[
(g1e
−σ coshφ+ 4he−
5σ
2 )− 6e−2V (p1 cosh φ+ p2 sinh φ)
+
27
8h
e−
3σ
2
−4V (p21 − p22)
]
, (102)
V ′ =
1
5
e
σ
2
[
(g1e
−σ coshφ+ 4he−
5σ
2 ) + 9e−2V (p1 coshφ+ p2 sinhφ)
− 9
4h
e−
3σ
2
−4V (p21 − p22)
]
, (103)
σ′ =
2
5
e
σ
2
[
(g1e
−σ coshφ− 16he− 5σ2 )− 6e−2V (p1 coshφ+ p2 sinhφ)
− 9
4h
e−
3σ
2
−4V (p21 − p22)
]
, (104)
φ′ = −g1e−
σ
2 sinhφ− 6eσ2−2V (p1 sinh φ+ p2 coshφ) (105)
with φ being the SO(2)× SO(2) singlet scalar in (41).
The BPS equations admit an AdS3 × CH2 fixed point given by
σ =
2
5
ln
[
g1p
2
1
12h
√
p41 − 10p21p22 + 9p42
]
,
φ =
1
2
ln
[
p21 + 2p1p2 − 3p22
p21 − 2p1p2 − 3p22
]
,
V =
1
10
ln
[
38(p21 − p22)4
16h2g31(9p1p
2
2 − p31)
]
,
LAdS3 =
[
8(p51 − 10p31p22 + 9p1p42)2
3hg41(p
2
1 − 3p22)5
] 1
5
. (106)
The AdS3 solution preserves four supercharges and exists for
− 1
48h
< p2 <
1
48h
(107)
22
with g1 = 16h, k = −1, and h > 0. The AdS3 × CH2 fixed point is dual to an
N = (2, 0) two-dimensional SCFT.
Examples of RG flows interpolating between this AdS3 fixed point and
the SO(4) AdS7 critical point for h = 1 and different values of p2 are shown in
figure 10.
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Figure 10: RG flows from SO(4) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (2, 0) SCFT with SO(2)×SO(2) symmetry dual to AdS3×CH2
solution. The blue, orange, green and red curves refer to p2 = − 164 ,− 180 ,− 1120 , 1580 ,
respectively.
As in the Σ2 × Σ2 case, the AdS3 × CH2 fixed point and the associated
RG flows can be uplifted to eleven dimensions by setting g2 = g1. The eleven-
dimensional metric can be obtained from (61) by replacing e2V ds2
Σ2
k1
+ e2Wds2
Σ2
k2
by e2V ds2
M4
k
and using the gauge fields in (96). We will not repeat it here.
4.2 AdS3 vacua with SO(2)diag symmetry
We next consider solutions with smaller residual symmetry SO(2)diag ⊂ SO(2)×
SO(2) by imposing the condition g2p2 = g1p1. There are three SO(2)diag singlet
scalars with the coset representative given by (64). As in the previous section,
compatibility between BPS equations and field equations requires φ1 = 0 or
φ3 = 0, and these two cases are equivalent. We will consider the case of φ3 = 0
23
with the following BPS equations
U ′ =
1
5
e
σ
2
[(
g1e
−σ cosh2 φ1 coshφ2 + g2e
−σ sinh2 φ1 sinh φ2 + 4he
3σ
2
)
−6e−2V
(
coshφ2 +
g1
g2
sinh φ2
)
p1 − 27
8hg22
e−
3σ
2
−4V (g21 − g22)p21
]
, (108)
V ′ =
1
5
e
σ
2
[(
g1e
−σ cosh2 φ1 coshφ2 + g2e
−σ sinh2 φ1 sinh φ2 + 4he
3σ
2
)
+9e−2V
(
cosh φ2 +
g1
g2
sinhφ2
)
p1 +
9
4hg22
e−
3σ
2
−4V (g21 − g22)p21
]
, (109)
σ′ =
2
5
e
σ
2
[(
g1e
−σ cosh2 φ1 coshφ2 + g2e
−σ sinh2 φ1 sinh φ2 − 16he 3σ2
)
−6e−2V
(
coshφ2 +
g1
g2
sinh φ2
)
p1 +
9
4hg22
e−
3σ
2
−4V (g21 − g22)p21
]
, (110)
φ′1 = −e−
σ
2 cosh φ1 sinh φ1(g1 coshφ2 + g2 sinh φ2), (111)
φ′2 = −e
σ
2
[(
g1e
−σ cosh2 φ1 sinh φ2 + g2e
−σ sinh2 φ1 cosh φ2
)
+6e−2V
(
sinh φ2 +
g1
g2
coshφ2
)
p1
]
. (112)
There exist two classes of AdS3×CH2 fixed points preserving four super-
charges and corresponding to N = (2, 0) SCFTs in two dimensions with SO(2)diag
symmetry. With k = −1, the first class of AdS3 × CH2 fixed points is given by
φ1 = 0, σ =
2
5
φ2 +
2
5
ln
[
g1g
2
2
12h(g22 + 2g1g2 − 3g21)
]
,
φ2 =
1
2
ln
[
3g21 − 2g1g2 − g22
3g21 + 2g1g2 − g22
]
,
V =
1
10
ln
[
38(g21 − g22)4
16h2g81g
6
2(g
2
2 − 9g21)
]
,
LAdS3 =
[
8(9g41g2 − 10g21g32 + g52)2
3hg41(g
2
2 − 3g21)5
] 1
5
(113)
with g2 > 3g1 or g2 < −3g1 for AdS3 vacua to exist. An RG flow solution from
the SO(4) AdS7 critical point to AdS3 × CH2 fixed point for φ1 = 0, g2 = 4g1
and h = 1 is shown in figure 11.
Another class of AdS3 × CH2 fixed points is given by
σ =
2
5
ln
[
g1g2
12h
√
(g2 + g1)(g2 − g1)
]
, φ1 = φ2 =
1
2
ln
[
g2 − g1
g2 + g1
]
,
V =
1
5
ln
[
34(g21 − g22)2
4hg41g
4
2
]
, LAdS3 =
[
8(g21 − g22)2
3hg41g
4
2
] 1
5
. (114)
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Figure 11: An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (2, 0) SCFT with SO(2)diag symmetry dual to AdS3 × CH2
solution.
To obtain good AdS3 vacua, we require that g2 > g1. Various RG flows from
N = (1, 0) six-dimensional SCFTs with SO(4) and SO(3) symmetries to these
fixed points for g2 = 4g1 and h = 1 are shown in figures 12, 13 and 14.
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Figure 12: An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (2, 0) SCFT with SO(2)diag symmetry dual to AdS3 × CH2
solution.
As in the case of M4 = Σ2 × Σ2, all of these AdS3 fixed points and RG
flows cannot be uplifted to eleven dimensions using the truncation given in [37],
so we do not have a clear holographic interpretation in this case.
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Figure 13: An RG flow from SO(3) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (2, 0) SCFT with SO(2)diag symmetry dual to AdS3 × CH2
solution.
4.3 AdS3 vacua with SO(2)R symmetry
By setting p2 = 0 in the SO(2)×SO(2) case, we obtain solutions with SO(2)R ⊂
SO(3)R symmetry. As in the previous case, the three SO(2)R singlet scalars need
to vanish in order for AdS3 fixed points to exist. We will accordingly set all vector
multiplet scalars to zero for brevity. The resulting BPS equations are given by
U ′ =
1
5
e
σ
2
[
g1e
−σ + 4he
3σ
2 − 6e−2V p1 + 27
8h
e−4V p21
]
, (115)
V ′ =
1
5
e
σ
2
[
g1e
−σ + 4he
3σ
2 + 9e−2V p1 − 9
4h
e−4V p21
]
, (116)
σ′ =
2
5
e
σ
2
[
g1e
−σ − 14he 3σ2 − 6e−2V p1 − 9
4h
e−4V p21
]
. (117)
After imposing the twist condition (100), we obtain an AdS3 solution for k = −1
given by
σ =
2
5
ln
[ g1
12h
]
, V =
1
10
ln
[
38
16h2g81
]
, LAdS3 =
[
8
3hg41
] 1
5
. (118)
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Figure 14: An RG flow from SO(4) N = (1, 0) SCFT to SO(3) N = (1, 0)
SCFT in six dimensions and eventually to two-dimensional N = (2, 0) SCFT
with SO(2)diag symmetry dual to AdS3 × CH2 solution.
An RG flow from SO(4) AdS7 to this fixed point for h = 1 is shown in figure 15.
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Figure 15: An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (2, 0) SCFT with SO(2)R symmetry dual to AdS3 × CH2
solution.
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4.4 AdS3 vacua with SO(3)diag symmetry
For Kahler four-cycles with SU(2)×U(1) spin connection, we can also perform the
twist by identifying SO(3) ∼ SU(2) ⊂ SU(2) × U(1) with the gauge symmetry
SO(3)diag ⊂ SO(3) × SO(3). In this case, we will use the metric on M4k in the
form
ds2M4
k
= dϕ2 + fk(ϕ)
2(τ 21 + τ
2
2 + τ
2
3 ) (119)
with τi being the SU(2) left-invariant one-forms given in (93) and fk(ϕ) defined
in (36).
With the seven-dimensional vielbein
eαˆ = eUdxα, erˆ = dr,
eiˆ = eV fk(ϕ)τi, i = 1, 2, 3, e
4ˆ = eV dϕ, (120)
we can compute the following non-vanishing components of the spin connection
ωαˆrˆ = U
′eαˆ, ω iˆrˆ = V
′eiˆ, ω4ˆrˆ = V
′e4ˆ,
ω iˆ4ˆ = f
′
k(ϕ)τi, ω
iˆ
jˆ = ǫijkτk . (121)
We then turn on the SO(3)diag gauge fields as follow
Ai(1) =
g2
g1
Ai+3(1) =
p
k
(f ′k(ϕ) + 1)τi, i = 1, 2, 3 (122)
with the two-form field strengths given by
F 1(2) =
g2
g1
F 4(2) = e
−2V p (e1ˆ ∧ e4ˆ + e2ˆ ∧ e3ˆ), (123)
F 2(2) =
g2
g1
F 5(2) = e
−2V p (e1ˆ ∧ e3ˆ + e2ˆ ∧ e4ˆ), (124)
F 3(2) =
g2
g1
F 6(2) = e
−2V p (e1ˆ ∧ e2ˆ + e3ˆ ∧ e4ˆ). (125)
As in the previous cases, we also need a non-vanishing four-form field strength
H(4) =
3
8
√
2hg22
e−4V (g21 − g22)p2e1ˆ ∧ e2ˆ ∧ e3ˆ ∧ e4ˆ (126)
together with the twist condition
g1p = k (127)
and the following projectors
γrǫ = −γ1ˆ2ˆ3ˆ4ˆǫ = ǫ and γiˆjˆǫ = iǫijkσkǫ . (128)
It should be noted that the second condition in (128) consists of only two inde-
pendent projectors since γ1ˆ3ˆ projector can be obtained from the product of those
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coming from γ1ˆ2ˆ and γ2ˆ3ˆ. Therefore, the resulting AdS3 fixed points preserve
two supercharges corresponding to N = (1, 0) superconformal symmetry in two
dimensions.
With all these and the coset representative for the SO(3)diag singlet scalar
in (30), we find the following BPS equations
U ′ =
1
5
e
σ
2
[
(g1e
−σ cosh3 φ+ g2e
−σ sinh3 φ+ 4he
3σ
2 )− 9p
2
8hg22
e−
3σ
2
−4V (g21 − g22)
−6pe−2V
(
coshφ+
g1
g2
sinhφ
)]
, (129)
V ′ =
1
5
e
σ
2
[
(g1e
−σ cosh3 φ+ g2e
−σ sinh3 φ+ 4he
3σ
2 ) +
3p2
4hg22
e−
3σ
2
−4V (g21 − g22)
+9pe−2V
(
coshφ+
g1
g2
sinh φ
)]
, (130)
σ′ =
2
5
e
σ
2
[
(g1e
−σ cosh3 φ+ g2e
−σ sinh3 φ− 16he 3σ2 ) + 3p
2
4hg22
e−
3σ
2
−4V (g21 − g22)
−6pe−2V
(
coshφ+
g1
g2
sinhφ
)]
, (131)
φ′ = − 1
2g2
e−
σ
2 (g1 coshφ+ g2 sinh φ)(g2 sinh 2φ+ 4pe
σ−2V ). (132)
We now look for AdS3 fixed points for the case of g2 = g1 that can be
embedded in eleven dimensions. Setting g2 = g1 in the above equations, we find
the following AdS3 × CH2 fixed point
σ =
2
5
ln
[
3
3
4 g1
16h
]
, φ =
1
4
ln 3,
V =
1
5
ln
[
18
hg41
]
, LAdS3 =
[
64
27hg41
] 1
5
. (133)
An RG flow interpolating between the SO(4) AdS7 vacuum and this AdS3×CH2
fixed point is shown in figure 16.
We can also uplift this solution to eleven dimensions by first choosing the
S3 coordinates
µα = (cosψµˆa, sinψ), a, b, . . . = 1, 2, 3 (134)
with µˆa being coordinates on S2 satisfying µˆaµˆa = 1. After using the SL(4,R)/SO(4)
matrix
T˜−1αβ = diag(e
φ, eφ, eφ, e−3φ) = (δabe
φ, e−3φ), (135)
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Figure 16: An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (1, 0) SCFT with SO(3)diag symmetry dual to AdS3 × CH2
solution for g1 = g2.
we find the eleven-dimensional metric
dsˆ211 = ∆
1
3
[
e2Udx21,1 + dr
2 + e2V [dϕ2 + fk(ϕ)
2(τ 21 + τ
2
2 + τ
2
3 )]
]
+
2
g2
∆−
2
3 e−2σ
[
cos2 ξ + e
5
2
σ sin2 ξ(eφ cos2 ψ + e−3φ sin2 ψ)
]
dξ2
+
1
g2
∆−
2
3 e
σ
2 sin ξ sinψ cosψ(eφ − e−3φ)dξdψ
+
1
2g2
∆−
2
3 e
σ
2 cos2 ξ
[
(e−3φ cos2 ψ + eφ sin2 ψ)dψ2 + eφ cos2 ψDµˆaDµˆa
]
(136)
with ∆ given by
∆ = e−
σ
2 cos2 ξ(e−φ cos2 ψ + e3φ sin2 ψ) + e2σ sin2 ξ (137)
and Dµˆa = dµˆa + gAabµˆb. The gauge fields Aab are given by
A12 = 2A3(1), A
13 = −2A2(1), A23 = −2A1(1) . (138)
For g2 6= g1, we find the following AdS3 fixed points
σ =
2
5
ln
[
3g1g2
28h
√
(g2 + g1)(g2 − g1)
]
, φ =
1
2
ln
[
g2 − g1
g2 + g1
]
, (139)
V =
1
10
ln
[
3087(g21 − g22)4
16h2g81g
8
2
]
, LAdS3 =
[
24(g21 − g22)2
7g41g
4
2h
] 1
5
. (140)
These are AdS3 × CH2 solutions with the condition g2 > g1. Finally, we can
numerically find RG flow solutions connecting these fixed points to AdS7 vacua
with SO(4) and SO(3) symmetries. Examples of these solutions for g2 = 1.1g1
and h = 1 are given in figures 17, 18 and 19.
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Figure 17: An RG flow from SO(4) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (1, 0) SCFT with SO(3)diag symmetry dual to AdS3 × CH2
solution.
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Figure 18: An RG flow from SO(3) N = (1, 0) SCFT in six dimensions to two-
dimensional N = (1, 0) SCFT with SO(3)diag symmetry dual to AdS3 × CH2
solution.
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Figure 19: An RG flow from SO(4) N = (1, 0) SCFT to SO(3) N = (1, 0)
SCFT in six dimensions and to two-dimensional N = (1, 0) SCFT with SO(3)diag
symmetry dual to AdS3 × CH2 solution.
5 Conclusions
We have studied supersymmetric AdS3×M4 solutions ofN = 2 seven-dimensional
gauged supergravity with SO(4) ∼ SU(2)×SU(2) gauge group. For M4 being a
product of two Riemann surfaces, we have found a large class of AdS3×H2×Σ2
solutions with SO(2)× SO(2) symmetry for Σ2 = S2,R2, H2 similar to the cor-
responding solutions in maximal SO(5) gauged supergravity studied in [8]. Fur-
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thermore, there exist a number of AdS3×H2×H2 solutions with SO(2)diag and
SO(2)R symmetries. In the latter case, all scalars from vector multiplets vanish,
so the AdS3 ×H2 ×H2 solution can be interpreted as a solution of pure N = 2
gauged supergravity with SU(2) gauge group. We have also numerically given
various holographic RG flows from supersymmetric AdS7 vacua with SO(4) and
SO(3) symmetries to these AdS3 fixed points. The solutions decribe RG flows
across dimensions from N = (1, 0) SCFTs in six dimensions to two-dimensional
N = (2, 0) SCFTs in the IR.
For M4 being a Kahler four-cycle, the AdS3 solutions only exist for the
Kahler four-cycles with negative curvature. In this case, the spin connection
on M4 is a U(2) ∼ SU(2) × U(1) connection. There are two possibilities for
performing the twists, along the U(1) and SU(2) ∼ SO(3) parts. For a twist
by U(1) ∼ SO(2)R ⊂ SO(3)R, we have found AdS3 × CH2 fixed points with
SO(2)× SO(2), SO(2)diag and SO(2)R symmetries. The solutions preserve four
supercharges and correspond to N = (2, 0) two-dimensional SCFTs. For a twist
along the SU(2) ∼ SO(3) part, we have performed the twist by turning on
the SO(3)diag gauge fields. Unlike the previous cases, the AdS3 fixed points in
this case preserve only two supercharges. The solutions are accordingly dual to
N = (1, 0) two-dimensional SCFTs. We have studied RG flows from supersym-
metric AdS7 vacua to these geometries as well.
All of these solutions provide a large class of AdS3×M4 solutions and RG
flows across dimensions from six-dimensional SCFTs to two-dimensional SCFTs.
The solutions might be useful in the holographic study of supersymmetric defor-
mations of N = (1, 0) SCFTs in six dimensions to two dimensions. For equal
SU(2) gauge coupling constants, the SO(4) gauged supergravity can be embed-
ded in eleven-dimensional supergravity. We have also given the uplifted eleven-
dimensional metric. These solutions with a clear M-theory origin should be of
particular interest in the study of wrapped M5-branes on four-manifolds.
For solutions with different SU(2) coupling constants, there is no known
embedding in string/M theory. Therefore, in this case, the holographic inter-
pretation as RG flows in the dual N = (1, 0) SCFTs should be done with some
caveats. It would be interesting to look for the embedding of these solutions in
ten or eleven dimensions. This could give rise to the full holographic duals of the
effective theories on 5-branes wrapped on four-manifolds. Similar solutions in
N = 2 gauged supergravity with other gauge groups also deserve further study.
Finally, it should be noted that the RG flows across dimensions given here can be
interpreted as supersymmetric black strings in asymptotically AdS7 space. Our
solutions should be useful in the study of black string entropy using twisted in-
dices of N = (1, 0) SCFTs along the line of [41].
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A Truncation ansatz of eleven-dimensional su-
pergravity on S4
In this appendix, we review relevant formulae for embedding solutions of N = 2
seven-dimensional gauged supergravity in eleven-dimensional supergravity. Since
the AdS3 × M4 solutions involve all types of seven-dimensional fields namely
scalar, vector and three-form fields, the eleven-dimensional four-form field strength
is very complicated. Accordingly, we omit an explicit form of the four-form in
each case for brevity. It can however be computed by using the formula given in
[37] and the mapping between seven- and eleven-dimensional fields given here.
The truncation of eleven-dimensional supergravity on S4 leading toN = 2
SO(4) seven-dimensional gauged supergravity is described by the metric ansatz
dsˆ211 = ∆
1
3ds27 +
2
g2
∆−
2
3X3
[
X cos2 ξ +X−4 sin2 ξT˜−1αβ µ
αµβ
]
dξ2
− 1
g2
∆−
2
3X−1T˜−1αβ sin ξµ
αdξDµβ +
1
2g2
∆−
2
3X−1T˜−1αβ cos
2 ξDµαDµβ
(141)
with the following definitions
Dµα = dµα + gAαβ(1)µ
β and ∆ = cos2 ξXT˜αβµ
αµβ +X−4 sin2 ξ . (142)
µα, α = 1, 2, 3, 4, are coordinates on S3 satisfying µαµα = 1.
Together with the four-form ansatz given in [37], the Lagrangian for the
resulting N = 2 gauged supergravity, after multiplied by 1
2
, reads
L7 = 1
2
R ∗ 1− 1
8
X−2T˜−1αγ T˜
−1
βδ ∗ F αβ(2) ∧ F γδ(2) −
1
8
T˜−1αβ ∗DT˜βγ ∧ T˜−1γδ DT˜δα
−1
4
X4 ∗ F(4) ∧ F(4) + 1
16
ǫαβγδA(3) ∧ F αβ(2) ∧ F γδ(2) −
5
2
X−2 ∗ dX ∧ dX
−1
4
gF(4) ∧ A(3) − V ∗ 1 (143)
with the scalar potential given by
V =
1
4
g2
[
X−8 − 2X−3T˜αα + 2X2
(
T˜αβT˜αβ − 1
2
T˜ 2αα
)]
. (144)
A symmetric scalar matrix T˜αβ, α, β = 1, 2, 3, 4 with unit determinant describes
nine scalars in SL(4,R)/SO(4) coset. This is equivalent to SO(3, 3)/SO(3) ×
SO(3) coset due to the isomorphisms SO(3, 3) ∼ SL(4,R) and SO(4) ∼ SO(3)×
SO(3).
In term of the SL(4,R)/SO(4) coset representative VαR with SO(4) in-
dices R, S, . . . = 1, 2, 3, 4, we have the relation
T˜−1αβ = VαRVβSδRS . (145)
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The SO(3, 3)/SO(3)×SO(3) coset representative LIA is related to that of SL(4,R)/SO(4)
by the relation
LI
A =
1
4
ΓαβI η
A
RSVαRVβS (146)
in which ΓI and ηA are chirally projected gamma matrices of SO(3, 3) satisfying
the relations
(ΓI)αβ(Γ
J)αβ = −4ηIJ and (ΓI)αβ(ΓI)γδ = −2ǫαβγδ (147)
and ΓIαβ = (Γiαβ,−Γi+3αβ ), i = 1, 2, 3, see more detail in [32]. Note also that ηARS
also satisfy similar relations which we will not repeat them here. We use the
following choice of ΓIαβ
Γ1 = −iσ2 ⊗ σ1, Γ2 = −iσ2 ⊗ σ3, Γ3 = iI2 ⊗ σ2,
Γ4 = iσ1 ⊗ σ2, Γ5 = −iσ2 ⊗ I2, Γ6 = iσ3 ⊗ σ2 . (148)
All these ingredients lead to the following identification of the fields and
parameters in seven and eleven dimensions
g2 = g1 = 16h = 2g, X = e
−
σ
2 ,
C(3) =
1√
2
A(3), A
αβ
(1) = Γ
αβ
I A
I
(1) . (149)
With this identification, it can also be easily verified that the scalar matrix for
the gauge kinetic terms also match
aIJ =
1
4
T˜−1αγ T˜
−1
βδ Γ
αβ
I Γ
γδ
J . (150)
For convenience, we explicitly give the SL(4,R)/SO(4) coset representa-
tive VαR and SO(4) gauge fields Aαβ as follow.
• SO(3)diag singlet scalar:
VαR = diag(e
φ
2 , e
φ
2 , e
φ
2 , e−
3φ
2 ), (151)
A12 = A3 + A6 = 2A3, A13 = −A2 −A5 = −2A2,
A23 = −A1 − A4 = −2A1 . (152)
We have used the relation Ai = g2
g1
Ai+3 with g2 = g1.
• SO(2)× SO(2) singlet scalar:
VαR = diag(e
φ
2 , e
φ
2 , e−
φ
2 , e−
φ
2 ), (153)
A12 = A3 + A6, A34 = A3 −A6 . (154)
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• SO(2)diag singlet scalars:
VαR =


e
φ2
2 0 0 0 0
0 e
φ2
2 0 0
0 0 eφ1−
φ2
2 cosh φ3 e
φ1−
φ2
2 sinhφ3
0 0 e−φ1−
φ2
2 sinh φ3 e
−φ1−
φ2
2 coshφ3

 , (155)
A12 = 2A3 . (156)
In all cases, it can be verified using the relation (146) that the above VαR give
precisely LI
A in the main text.
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